An overview is presented of epidemiologic studies of chronic diseases in the --bber industry. Analyses of the mortality experience during the period 1964-1972 of workers age 40-64 and retirees age 65-84 of two large rubber and tire manufacturing companies consistently disclosed excesses of deaths attributed to leukemia and lymphosarcoma, and for cancers of the stomach, large intestine, and prostate. The relation of site-specific malignancies to work histories and grouped occupational titles as surrogate measures of work-related exposures to possible carcinogens is described. There was no evidence of company-wide, sizable, consistent excess for the other major chronic diseases causes of death.
Introduction
The determination of the burden of chronic diseases in any population is a challenging epidemiologic problem. Further, to assess the contribution of environmental exposures at the work site to the amount and types of chronic disease in a population greatly complicates the analytic problem. The chronic diseases in an industrial society represent a large, diverse collection of disorders, each of which has its own set of etiologic factors. Most are of unknown etiology, but as our knowledge accumulates it would appear that the majority of, if not all, chronic diseases are the result of multiple causes. While not denying the importance of isolated instances in which occupational exposure to single agents produces specific diseases, it is more likely that understanding and eventual control of most chronic diseases will be achieved by studying the joint effects of exposures to multiple physicochemical agents, in * School of Public Health, University of North Carolina, Chapel Hill, North Carolina 27514.
f Occupational Health Studies Group, University of North Carolina, Chapel Hill, North Carolina 27514. some cases, in relation to the personal and social characteristics of workers.
We shall present an overview of some of the research performed by the Occupational Health Studies Group of the University of North Carolina. These studies were designed in response to the expressed needs of the joint occupational health committees of the United Rubber Workers Union and the major rubber and tire manufacturing companies in the United States to identify hazards in the work environment and assess the health of the rubber workers covered by contract.
The identification of the need for this research followed the pioneering studies of Mancuso (1) in this country and subsequently the British rubber workers' experience as reported from morbidity studies by Parkes (2) and mortality studies by Fox et al. (3) .
We organized our research in a multidisciplinary mode with equal representation of environmental sciences, biostatistics, and epidemiology in all major studies. Where indicated, a large number of other disciplines, including toxicology, genetics, computer sciences, and medical sociology, have been involved. In the October 1976 results presented today, however, the focus will be on epidemiologic investigations.
In these epidemiologic investigations, we have measured the occurrence and sequelae of chronic disease among rubber workers, as manifested along a spectrum extending from expressed symptoms and discomfort, through absenteeism and work disability, to premature death. Two types of objectives underlie each of our investigations. One is to contrast the magnitude of these disorders in the contract-covered rubber workers with otherwise comparable workers in other industries. The second objective is to identify the existence, if any, of high risk subgroups within our studied populations, characterized by their patterns of work history and personal attributes.
We first present an overview of general studies of mortality for causes of death attributed to the major categories of chronic diseases, more specifically malignant neoplasms, cardiovascular diseases, diabetes, and chronic respiratory disease.
Mortality Studies
The derivation and analysis of company or industry-wide mortality rates offers a surrogate measure, as an approximation to the incidence of chronic diseases in rubber workers. The limitations of information of this type are many and well known, but for the purposes at hand, are of two major types. Firstly, mortality rates reflect but the attributed underlying cause of death and for many of the chronic diseases are not representative of the prevalence of the disorders at time of death. Additionally, mortality rates are a composite of both incidence and case-fatality rates and there is no necessary relationship between environmental exposures at time of onset of the disease and either the progression of the disease or its final termination. In addition to these general limitations in the use of mortality rates, there is the specific limitation in this instance of presenting pooled, company-wide data across multiple plants, departments, processes and environmental exposures. Information of this type can be regarded at best as first level screening. Mor Causes of death are grouped by whether or not there are consistent excesses of mortality rates.
It will be noted that there are consistent excesses within the four age-company subgroups studied for several malignant neoplasms; most conspicuously for leukemia and lymphosarcoma, and for cancer of the stomach, large intestine, and prostate. The SMRs were all higher than for all causes combined and ranged from 100 to 315. Mortality ratios for the total of all malignant neoplasms were slightly but statistically significantly higher than for all causes ( Table 2) . One major nonmalignant disease was noted with excess in the SMR for both companies in each of the age groups studied, namely diabetes, with SMRs ranging from 120 to 157.
Causes of death with slight but consistent excess mortality are grouped in Table 2 . Within the cardiovascular diseases specifically identified, ischemic heart disease and cerebrovascular disease, in seven of the eight comparisons within companies and age bands, the SMRs for the specific disorders were equal to or greater than the SMR for all causes. However, in no instance was the SMR markedly elevated, the largest value being an SMR of 113 for cerebrovascular disease among 40-64 year-old males in Company B. In contrast, there was a consistent and significant deficit of cancer of the respiratory system and no evidence of consistent excess for other malignancies such as cancer of the bladder. Similarly, there was no evidence of consistent excess for deaths attributed to chronic respiratory disease. We shall return to a consideration of these findings later.
Thus, on overview, deaths attributed to several site-specific malignancies and deaths attributed to diabetes were present with consistent and moderate excess. For the other major causes of death, there was no evidence of major, consistent excess.
The interpretation of standardized mortality ratios of this type must be tempered by their noncomparability across companies if different weights are used in each standardization. In fact, the age distributions of these two companies were quite similar. The important finding is the similarity of excesses for specific causes in comparison with all causes of mortality within age and company groups. We also believe that the identification of mortality excesses is a conservative one, particularly for the nonmalignancy causes, due to the healthy worker effect which we have investigated for these populations and reported elsewhere (6, 7) . While it is customary to regard an SMR of 100 as expected and thus anything higher as evidence of excess mortality, the selection process associated with working, referred to as "the healthy worker effect," would indicate that in the absence of any industrial health hazard the SMRs of workers compared to the general population might be in the range of 60-80.
Detailed study of the work histories of decedents in comparison with control groups have begun to identify the characteristic work his- The estimated relative risk of lymphatic leukemia for solvent-exposed workers was calculated by using the "discordant matched sets" formula.
The results of a case control study of the work history of leukemia decedents are presented in Figure 2 ; there is a marked contrast in work history with potential for solvent exposure in cases of leukemia in comparison with controls. Cases were more likely than controls to have work histories of jobs with solvent exposure potential. The estimated relative risk of leukemia deaths for workers with a history of exposure was 3.25. Equally important as the study of work histories for leukemia and lymphomas, which are causes of death appearing in excess, analysis of occupation titles and potential exposures has demonstrated an increased frequency of exposure to certain work areas among decedents (in three selected plants) with cancer of the respiratory system, despite the previous findings of a general total company deficit in the mortality rate for this same attributed cause of death. Figure 3 demonstrates that lung cancer cases were more likely to have had a history of working in curing, 25% (± 5.5%c) of cases contrasted with 15% (±+ 4.5%c) of controls, and of those with a history of working in curing, cases had a longer duration than controls, 16 years compared with 7.5. The overall deficit is due to the small percentage working in exposed areas and illustrates how aggregated data of a total plant, across many work areas, may mask important exposure risk, within specific working groups.
A detailed systematic investigation of the work histories of decedents with many specific causes of death is underway. The data for one Environmental Health Perspectives One approach to determining the relationship of chronic respiratory disease to the work environment was undertaken in one plant, ascertaining pulmonary disability retirements and carrying out a detailed case control study of the work history of these individuals. In this work of Lednar et al. (10) , each pulmonary disability retiree was compared with two age/ sex matched controls, who were non-disabled, and another set of two age/sex matched controls, who were disabled for causes other than pulmonary disease (Table 4) . The most frequently attributed cause of pulmonary disability retirement was chronic obstructive pulmonary disease, accounting for 64%o of all the pulmonary disability retirements; and emphysema alone with the attributed cause in 53%o of all cases. A comparison of the work history characteristics of cases and ccntrols showed that cases were older at employment, started their areas than disabled controls, but durations careers in the rubber industry at a later point were similar to those of non-disabled controls. in historical time, and as a consequence had Cases spent less time in areas specifically inshorter total service durations in the rubber volving exposure to talc and carbon black. This industry.
raises the possibility of selective occupational Table 4 displays the durations of service for mobility out of irritating environments, by cases and controls in selected occupational ex-symptomatic workers. In contrast, the cases posure areas. Because of group differences in have spent significantly greater lengths of time total employment duration, comparisons are in the areas involving curing preparation, curexpressed in terms of person years at risk. ing and finishing and inspection. From this table, it is apparent that cases have
In view of the overriding importance of cigaspent slightly more time in generally dusty rette smoking in association with chronic pul- Environmental Health Perspectives monary disease, the odds ratio, or estimated relative risk, of pulmonary disability retiremiient was calculated for cases contrasted with controls, in relationship to occupational exposure and smoking history. As set out in Table  5 , significant associations were demonstrated for contact with dust, fumes and selected work areas, particularly the curing preparation area.
In each specific work area, there was evidence of an interactive effect in the association of work and smoking histories with pulmonary disability retirement. For each work area identified, the risk of pulmonary disability retirement was significantly higher when the retiree had a history of smoking. For example, the estimated risk ratio of pulmonary disability for smokers without a history of working in the curing area was 2.4; for nonsmokers with a history of working in the curing area, it was 1.7; however for workers with a history both of smoking and curing area work, the estimated risk of pulmonary disability retirement was 7.4 times that for nonsmokers without curing area work history.
The identification of work areas with increased risk of pulmonary disability assumes added importance when it is recalled that in the mortality analyses of chronic respiratory disease, the SMR for the aggregate for all workers was not elevated.
We next set out to compare the reported prevalence of respiratory symptoms based on responses to the MRC questionnaire in a sample of rubber workers in one plant with those in other industries. As set out in Figure 4 , there is a markedly higher prevalence of phlegm, persistent cough and phlegm, and of chest illness among these rubber workers than among samples of postal and transit workers (11) and telephone men (12) . We emphasize once more the preliminary nature of these data, and the ecologic nature of their aggregated presentation. We do point out, however, that the higher prevalence of major respiratory symptoms is present in a population of rubber workers with validation of the questionnaire by ventilatory capacity measurements. Additionally, although there is a strong association of smoking with symptoms, the history of cigarette smoking was markedly lower in these rubber workers, than It was clear when we initiated our efforts that attention would have to be focused on the risk of malignancies secondary to chemical carcinogens. We think that the epidemiologic evidence now is convincing that there are instances of moderate excesses of selected malignancies, in relation to work histories in rubber workers, excesses which in some instances are localizable to work areas in which etiologic agents may be identified and removed. In addition to malignancies, other chronic disease excesses have been demonstrated by analysis of mortality statistics.
Our investigations also suggest the existence of higher frequencies of some chronic diseases such as dermatitis, which can not be identified through study of death certification, and others such as chronic pulmonary disease, which are more effectively ascertained through appraisals of functional status.
Recognizing that disease manifestations today may reflect exposures of decades ago, and that many of the potential risks of today's occupational exposures may not be expressed in the incidence of frank chronic disease for decades to come, we have initiated research into early warning systems. Biochemical and physiologic indicators measured before the appearance of symptoms or clinical signs, are the ideal. During their research development, we are exploring the feasibility and utility of ongoing surveillance through the use of selected survey questionnaires, and the standardized collection of health and sickness behavior information, including sickness absenteeism, hospitalization and disability retirement. This information, combined with standardized work histories and environmental measurements provides the potential for identification of previously unknown occupational causes of chronic disease, and also the monitoring required to ascertain and remove known hazards.
